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Abstract
E-cacIherin is an intercellular adhesion protein expressed by most 
epithelia. Decreased expression of E-cadherin correlates >vith tumor ag­
gressiveness in most carcinomas. In renal cell carcinoma (RCC), however, 
this correlation is not well established and the prevalence of negative 
tumors is higher than in other carcinomas. Our immunofluorescence 
study of a-catenin expression in 20 RCC cell lines revealed a typical 
honeycomb staining pattern in all of the lines, whereas only six expressed 
E-cadherin. This suggested that other cadherins are expressed in RCC 
lines. Indeed, immunoprécipitation with an anti-a-catenin antibody re­
sulted in coprecipitation of proteins of Mr 125,000-135,000. Using West­
ern blot, these proteins react with a pan-cadherin antibody. To identify 
these cadherin related proteins, RT-PCR using degenerated primers and 
sequence comparisons was carried out. We then assessed the expression of 
the identified cadherins. N-cadherin mRNA was present in all cell lines; 
and cadherin 6 mRNA was seen in 16 lines. Cadherin 11 (mRNA) and 
E-cadherin (protein) were expressed in five and six lines, respectively. A 
cadherin 4 transcript was observed in only one line, whereas no P- 
cadherin protein could be detected. Expression of the four main cadherins 
was also found in normal kidney (two samples tested) and RCC specimens 
(four samples). Thus, RCC and normal kidney express a complex set of 
cadherins.
Introduction
Cadherins constitute a large family of trans membrane glycopro­
teins. The so-called classical cadherins share a common structure, 
including a highly conserved cytoplasmic region, a tmnsmembrane 
region, and an extracellular domain in which homologies define type 
I and type II cadherins. The most extensively characterized members 
of this family, E-, P-, and N-cadherins, belong to the type I subgroup 
and mediate Ca2 f -dependent cell-cell adhesion in a variety of cell 
types. Their carboxyl terminus is bound to either j3- or 7 -catenin 
(plakoglobin), which in turn interacts with a-catenin that bridges the 
complex to the actin-based cytoskeleton. The importance of the cor­
rect assembly of this complex is exemplified in the fact that cadherins 
deleted of the 70-carboxyl terminal amino acids are unable to mediate 
cell adhesion.
In most carcinomas, E-cadherin expression decreases with tumor 
grade and stage (1). In RCC,2 however, E-cadherin expression is 
found infrequently and even low-grade tumors do not express E- 
cadherin (2). A possible explanation is that the renal proximal tubule 
epithelium, from which RCCs presumably originate, does not express 
E-cadherin. Indeed, in normal kidney, E-cadherin is expressed in 
Bowman's capsule and in all tubular segments except the proximal 
convoluted and straight tubules (3). However, using immunohisto- 
chemistry we have been able to show a-catenin expression at the 
intercellular borders in all tubules.3 Thus, it is likely that functional
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cadherin-eatcnin complexes arc present in all segments of the 
nephron. We hypothesized that other classical cadherins form com­
plexes with a-catenin and mediate cell-cell adhesion in RCC. In this 
article, we used RCC cell lines to characterize RCC for expression of 
classical cadherins,
Materials and Methods
RCC Cell Lines. RCC cell lines (a kind gift from Dr. L. J. Old, New York, 
NY) were cultured in RPMI 1640 with 10r< FOX and l r<’ glutamine.
Immunohistochemistrv« Cells were grown on glass slides, fixed with 3‘i  
paraformaldehyde, and then permeabilued using 0.2‘i  Triton X-100 in PBS. 
Monoclonal antibody HECD1 (Takara) was diluted 1:20 and A-CAM (clone 
GC4; Sigma) 1:30. Serum of a mouse immunized with a glutathione .V-tratis- 
ferase/tt-eatenin fusion protein (nucleotides 454-198! of human u-culciun, 
kindly provided by Dr. W. Isaacs, Baltimore, MD) was diluted 1:1000. On 
Western blot, this serum recognized a single band comigrating with ct’catcnin.
Imnuuioprecipitation. Cells were melabolicullv labeled with ( ‘’'Slmethi- 
onine (250 ¿¿Ci/ml) overnight. Proteins were extracted in 2r<‘ Triton X-100, 20 
niM Tris (pH 7.4), 150 him NaCl, 2 mM CaCL, 50 ftg/ml leupeptin. and I imt 
phenylmethylsulfonyl fluoride. Protein extracts corresponding to 10' cpm were 
incubated with 1 p\ a-catenin mouse antiserum. Complexes were collected 
with protein G-agarose (Oncogene Science) and resolved on a V.l SDS* 
polyacrylamide gel. Proteins were transferred onto a nitrocellulose membrane. 
After overnight autoradiography, the membrane was processed for immuno 
blotting with a pan-cadherin polyclonal antibody diluted 1:1600 (Sigma).
Western Blot. Twenty-five /ig of proteins were separated using a 7*« 
SDS-PAGE and transferred onto nitrocellulose filters, Imnumohlois were 
analyzed using KOI, (Amersham) and HKCDl or Pcadherin {Transduction 
Laboratories), both diluted 1:500.
RT-PCR. Total RNA was extracted from the cell lines with TKI/ot I Life 
Technologies, Inc.) and treated with DNase, and the cDNA was svnthesiml% *  ^
using superscript reverse transcriptase (Life Technologies, tnc.i. PCR was 
carried out using primers described previously (4). PCR products wete sub' 
cloned into a pGEM vector and sequenced using scquenase 2.0 (United S ta te s  
Biochemical). A computer-assisted homology search was performed with the 
EMBL (release 44) and Genbank (release 90» nucleotide sequences data bases.
Northern Blotting* Ten /xg RNA were denatured with glyoval. separated 
on agarose, and transferred to Hvbond N * membranes. Probes corre*
sponding to nucleotides 579 1643 for N-cadherin. 522 21S6 for cadherin 4. 
25-465 for cadherin 6, and 2759 3256 for cadherin M were generated hy 
RT-PCR and labeled with p'-PJdATP by random priming. Blots were hyhtid' 
ized overnight in 250 ium NadlPO., (pll 7.2), 1 mM HDTA. IS USA, and 7‘i 
SDS at 65°C and then washed at 65“C successively in 250 ium Na d IPO ,1 tpll 
7.2), I n\M HDTA, and l ‘< SDS; in 125 mM N adlPO , (pH 7.2t, I mM FDTA, 
and Kr SDS; and in 50 m\i NadlPO., (pH 7,21. 1 mM HDTA. and V, SDS. 
To ensure that the expressions vve evaluated were not in vim*  artifacts, we a ls o  
included two normal kidneys and four RCC samples,
Results and Discussion
Using immunohistochemistry, we found that all of the cell lines 
expressed a-catenin at the cell-cell borders. In contrast, H-cadhcrin 
was expressed in otdy six cell lines ('fable 1 and Fig. 1). Since in 1. 
cells, which do not express any cadherin, a-eaienin is unstable, the 
staining pattern observed here probably reflects the involvement of 
a-catenin in a protein complex, possibly with a cadherin (5 h
To investigate which protein stabilized a-catenin. we immunopre- 
dpitnled u-catcnin from seven cell lines; one of them (SKRO 59)
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P-eadherin was not detectable using Western blot in any of the cell 
lines.
Altogether, the RCC cell lines investigated as well as normal 
kidney displayed a complex pattern of cadherin expression, it is 
already known that cadherin expression in kidney is highly structured, 
with differential expression in the various segments of the nephron. 
For instance, the proximal convoluted tubule and the proximal straight 
tubule express N-cadherin, the thick ascending limb, the distal con­
voluted tubule, and the collecting duct express E-cadherin, whereas 
the thin limb of the Henle loop coexpresses both molecules (3). Based
the role of all of these cadherins in the loss of epithelial integrity 
during kidney tumor development awaits studies at the protein level 
and experimental evidence such as transfection or use of blocking 
antibodies.
on in situ hybridization studies of the developing kidney, it is likely 
that cadherins 6 and 11 also have a specific expression pattern in 
kidney. For cadherin 6, the signal obtained with the Northern blot of 
normal kidneys was weak when compared to those of the cell lines. 
This might indicate that in human adult kidney, cadherin 6 expression 
is also restricted to one particular compartment of the nephron. In­
deed, in the rat developing kidney, cadherin 6 expression is restricted 
to the S-shaped body (the progenitor of, among others, the proximal 
tubule); no expression was found in the ureter or collecting duct (14). 
In the mouse developing kidney, a marked cadherin 11 expression was 
found in the metanephric mesenchyme surrounding the developing 
nephron but not in the epithelial nephron (15, 16). Based on the 
widespread expression of cadherin 11 in mesenchyme (15-17), one 
can expect that the signal obtained with normal kidney resulted from 
the expression by the stromal compartment.
It is tempting to relate the cadherin phenotype of RCC to the origin 
of these tumors along the nephron. The widespread expression of N 
cadherin (also found by others in RCC samples) supports the gener­
ally admitted proximal tubular origin of RCC. However, the high 
proportion of tumors coexpressing N- and E-eadherins (up to 30% in 
our series) slu>w! that correlations between phenotype and tumor origin 
are not always straightforward. In these cases, E-eadherin is probably 
aberrantly expressed by tumors originating from the proximal tubule. 
Thus, E-eadherin expression would reflect perturbations of the differ­
entiation process, similar to metaplastic processes seen in other car­
cinomas.
Although almost all combinations of cadherins were found in the 20 
lines studied here, no coexpression of E-eadherin and cadherin 11 was 
observed. This supports the current view that cadherin II is a mes­
enchymal marker, whereas E-eadherin is associated with epithelial 
differentiation. Indeed, five of six lines expressing E-eadherin have an 
epithelial phenotype (the sixth one having an intermediate phenotype), 
whereas the four lines with a clear cadherin 11 expression are fibro­
blastic. Thus, expression of cadherin 11 may be related to reexpres­
sion of mesenchymal markers in RCC, similar to reexpression of 
vimentin (18).
Since N-cadherin is expressed by almost all of the cell lines, it 
seems unlikely that N-cadherin expression is an important factor of 
RCC aggressiveness. The same observation has been made in astro­
cytomas and glioblastomas (. W. Recently, no correlation between 
N-cadherin expression and grade was found in a series of 34 RCCs 
(20). No insight into the role of cadherin 6 in kidney carcinogenesis 
can be inferred from our data. Furthermore, the accurate assessment of
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